Abstract--A brief review is presented of recent work in vision science showing important limits on the ability of observers to carry out various tasks. First, it has been found that only a few moving items can be tracked at any time, even after considerable practice. Second, observers can often miss the appearance of unexpected objects or events, even if these are large. Third, observers can often miss changes that occur in front of them, even when these changes are large, repeated, and expected. Finally, observers simply cannot see two changes at a time, no matter how hard they try. The explanation for these effects is briefly discussed, along with the reasons why these limits are not usually noticed. Some suggestions are also given about what (if anything) can be done to mitigate their effects in regards to the visual monitoring task of the anesthesiologist.
I. INTRODUCTION
S observers, we generally have the impression that we can see everything that is happening in front of us. However, recent work in vision science has shown that this impression is incorrect: our ability to accurately perceive our surroundings is far more limited than we generally believe (see e.g., [1] - [4] ).
Most of these limits have been found to center around visual attention. In particular, visual attention has been found to be (a) necessary for several aspects of visual perception, and (b) very limited in capacity. Taken together, these findings imply that perceptual limits are likely to be encountered in many (if not most) tasks in everyday life. Owing to the nature of our general environment and the kinds of tasks we perform there, these limits are not usually serious, and our impression of the world can afford to appear accurate and complete. However, these limits are far more serious for tasks that heavily involve visual attention, and that are carried out in specialized environments that are not all that forgiving. Such limits are believed to be the cause of accidents in specialized activities such as driving [5] . It is argued here that these limits are also potentially relevant for the visual monitoring carried out in anesthesiology. This paper will focus on those limits most relevant to the visual monitoring task. Since these limits are usually either not perceived or else greatly underestimated [6] , one goal of this paper is to increase general awareness of their existence. The other goal is to begin discussion of the countermeasures that can be taken to reduce their incidence and their effects. 
II. TYPES OF PERCEPTUAL LIMITS

A. Tracking Limits
An important issue in vision science is the extent to which an observer can track moving items in space. The displays used for these tests usually consist of about a dozen items moving at constant speed on a blank background; the observer is asked to monitor a selected subset [7] .
Results indicate that only 3-4 items can be successfully tracked, even after extensive practice. This has been taken to indicate that (a) attention is necessary to track an item, and (b) attentional capacity is limited to 3-4 items (an estimate consistent with values obtained using other techniques).
Further experiments have shown that this limit is reduced even further as the speed of the items is increased [8] . In addition, other kinds of experiment have shown that attentional capacity decreases with age [9] , suggesting that older observers will have greater difficulty in tracking more than a few items at a time.
Finally, the graphical representations used in the display can also potentially lower the effectiveness of tracking. For example, it has been found that if pairs of disks are connected with lines, the observer will treat each connected pair as a basic item, tracking only the centers of these pairs, and not the individual disks [10] .
B. Inattentional Blindness
Recent work in vision science has shown that when an observer attends to a given task, they will often miss the appearance of unexpected objects and events, a phenomenon known as inattentional blindness [4] . This suggests that visual attention is needed for perception; without it, an observer can be blind to objects and events, even when these are large and potentially relevant. For example, over half of observers missed an unexpected appearance of a person in a gorilla suit, who walked across the entire screen [11] .
Inattentional blindness is found in real-life situations; among other things, it is believed to be a leading cause of automobile accidents, especially when attention is distracted by things such as cell-phone use [5] . It is also found in head-up displays, where two images are superimposed; if an event occurs in the unattended channel , it will often be missed, even when the observer is looking right at it [12] .
It is also important to note that inattentional blindness may still occur, even if the object or event is expected. The critical factor is not expectation, but attention: if the attention of an observer is strongly enough engaged on a task, other items can effectively become unseeable , even when the observer is looking right at them [13] . C. Change Blindness Another important phenomenon is the failure to notice changes in a display, even when the objects themselves are seen, and the changes are large and expected. This is known as change blindness; it is believed to indicate that visual attention is necessary to see change [1] - [3] .
Perceptual Limits on the Visual Monitoring Task
Results indicate that only 3-4 items can be seen to change at any time; this limit appears to remain even after extensive practice. This likely reflects an attentional capacity similar to that found in tracking (and in other attentional tests).
Change blindness occurs whenever the observer fails to attend the changing item at the moment of the change. To prevent it, therefore, the observer must therefore continually attend the relevant item. This is difficult in practice: change blindness can potentially occur if the change is made at the moment an observer moves their eyes, or even blinks [2] .
D. Change Simultanagnosia
An important concern in regards to visual monitoring is change simultanagnosia, the inability of an observer to see more than one change occur at a time, even if attending to the relevant items [14] .
This phenomenon appears to be due to the pooling of the information that is attended. If several changes occur at the same, their contents are therefore pooled together, and the individual components cannot be separated out. Only when changes occur sequentially can the components be perceived as such. Consequently, when several changes occur simultaneously (within a fraction of a second), the first one may be picked up. But if the others are similar, they may be washed out by the idempotent nature of the change detection operation, and effectively lost.
III. BLINDNESS TO THESE LIMITS
A. Virtual Representation
Although perceptual limits of the kind described here can be severe, failures of visual perception are not generally noticed. For example, most people are subject to change blindness blindness, i.e., the belief that they are far better at detecting changes than they actually are [6] .
One possible explanation for this is that our perceptual systems usually work quite well in spite of these limits. It has been proposed that our perception of our surroundings is supported by a virtual representation, in which attention is given to the right object at the right time [2] , [15] , [16] . The management of attention required is based on several assumptions about the world, such as the relatively scarcity of change [15] , [16] . But while appropriate for our ancestral environment, these assumptions may not be true of more specialized environments in modern life.
B. Confabulation
Another possible reason for the general lack of awareness of these perceptual limits is the nature of the conscious mind itself. More precisely, the visual picture experienced by an observer is the result of a great deal of processing, and tends to be edited to be consistent with existing belief structures (see, e.g., [17] ). In other words, observers often don t see something until they believe it. If they don t believe that they have limits on their perceptual abilities, they simply will not experience them.
IV. COUNTERMEASURES
Although our perceptual abilities may suffer from serious limits, we are not obliged to simply accept this situation. To begin with, even the simple awareness of these limits would likely motivate observers to be more careful. Although perhaps not a feasible strategy in general, it could certainly be applied on occasion in specialized tasks, such as the visual monitoring done by anesthesiologists.
Second, visual displays might be designed to take these limits into account, and mitigate their worst effects. Indeed, if designed to work with the mechanisms used by the visual system, such displays may one day even enable visual performance beyond that found in everyday life [16] , [18] .
